0050/ 47713 Renoval of 6-antnocapronitrile from m xtures conpri sing
6- ani hocapr oosoyayeiand an imine 5 Description The present invention
relates to a process for distillative- renoval of 6-am nocapronitrile
frommxtures (I) conprising 6- am nocapronitrile and an imne (I1). 10
The partial hydrogenation of adiponitrile to 6-am nocapronitrile in the
presence of a catal yst based on a netal sueh as nickel, cobalt, iron,
rhodi umor rutheniumis generally known, for = exanple from EP-A-161 419,
EP- A- 77 911Rengyad. pf3feaminpcapyopttnile dremgBixtuyes)TOmPOYSIimE- A 42 35 466,
DE- A 19 500622¢irmedproniGeariien aAdpan ckminen 19 548 289. 1. Bypr oduct s

I ncl ude i mnes, especially tetrahydroazepi ne (THA) of the formula 20
[err] 5 DeftAPcaeaapronitrile is chiefly used for fiber production via
25 caprolactam as internediate or by direct polynerization to nyl on- 6.
For this, thg 6- am nocapronitrile has to be ver Egure, . 1h which
connecti on T1® BFSRABR NI YRRt IO TRLH AT A ?F&F%%‘ dort distillafivens. 30
US- A- 5, 162, 58TY#H1s f o eaminosepiranitr Wie tfrpm wbwpites (§) comprising

6- am nocapr &ranimocepaonli titidenviabl am owigeni(ZIgar bonyl conpound, for
exanpl e aoketone or an al dehyde, at high tenperature and then renovi ng

6- am nocapreid tdd r ) r Ak _ ' ting
Tt ur o o ereat AiRICURaat b gt qdTobntenbrl fp' o -pnEhGCigIRA LR

acti ve- CH n’gﬁqeehggﬁ%%%uo%a 58‘?“‘ Magea ?r%l%rﬂettlam guch A5 g?é’%?idi ene

ni t r omet han€PRH -t F8Rt AL U, AT r‘i%ﬁ‘#@nﬁ%iﬁﬁ:}‘%ﬁ%ﬂnkﬁ%‘ﬁm Ofrile from

t he m xt ur eexampde fyemER-dntledesldr Birded 7pPbtedted-ids38%al48,he addition of
a furt h8rus¥azanie01c@hpowed 9B8@120, MECAULR BB k4ass,i DERFAr £9 BBdd i2eul &nd0 to

prepare purgermad"RPpL eIt ol 648 289.1n US-A-5,133,838, a mxture
conprising 6-am nocapronitrile and THA is reacted with an inorganic
hydri de su as Jithium barohydri de. Di sadvant agequsl Jn this process,
t he hydridgg AS EggFol?ﬁ}qﬂgé&mﬁﬂgifrﬁﬁﬂsfﬁﬁifgxﬁékﬁéﬂggr?ﬂ%éplne (THA) °€
stoichionet?#?uﬂ°F?“1arequired gquantity. In addition, care has to be taken

in the 28ubsequent distillation (fijto hydr ogenate the product of val ue,

N
/

6-Aminocapronitrile is chiefly used for fiber production via

25 caprolactam as intermediate or by direct polymerization to
nylon-6. For this, the 6-aminocapronitrile has to be very pure,
in which connection it is known that the removal of THA presents
problems.

30 US-A-5,162,567 discloses reacting a mixture comprising
6-aminocapronitrile and THA with an organic carbonyl compound,
for example a ketone or an aldehyde, at high temperature and then
removing 6-aminocapronitrile from the mixture. US-aA-5,153,351
discloses reacting a mixture comprising 6-aminocapronitrile and

35 THA with an organic active-CH methylene compound, for example
malonitrile, cyclopentadiene, nitromethane or nitroethane, and
then removing 6-aminocapronitrile from the mixture. The
disadvantage for these processes is that the addition of a
further organic compound to the mixture makes it more difficult

40 to prepare pure 6-aminocapronitrile.

In US-A-5,133,838, a mixture comprising 6-aminocapronitrile and
THA is reacted with an inorganic hydride such as lithium
borohydride. Disadvantageously, in this process, the hydride has
45 to be used in a multiple excess of the stoichiometrically
required quantity. In addition, care has to be taken in the
subsequent distillation not to hydrogenate the product of value,



0050/ 47713 2 6-am nocapronitrile.
EP—A—497 333 describes a process V\/nereby a mxture conprising

6- am nocaprQﬂﬁQ/r‘l'Mel&'and THA is reacted with an al kaline conpound. 5

D sadvant ageously, the al kaline conpound has to be used in excess of the
stoichionetrically required quantity aznd t he 6- am nocapronitrile has to
be distilled out of the resulting réaction mxture at greatly reduced
pressure. IG’“P-P"‘F%P%R?"GEP-%& of the present invention to provide a
technically si npl e and econoni cal process for renoving

6- am nocapEPRALA9T €333 desonmibestia proeess ghersbyg acsieninenlcdomprising

6- am nocapreaint hbé mﬂtmee and)rHAY €6 CHSACKEd Rethl & edmBd1iiaBedompound.

d sadvantagsagvimtMediay§, I G1kA1InE e fifdodnd AGR! £ AL o PR OSRSSf O
dIStI||atIV ﬁ € ﬂno @r o@_}}oronlutrl f 3__ m xt r&s conpri si ng
6- ani nocaproni-tTit OIERFORRTF Wbty FEALERG FraR %Vl T conduct| ng the
distillati éﬁamﬁn??ﬁap%é'ﬁ&% ks d’é’r BSnd%I?’bk]r]t%l oub ofy G&%F€§ua¢}n‘ér e

obt ai nabl e Heactieonmisriuirenat greaatdy bgdpeed iprlessur@ydr ogenation of ADN, for
exanpl e according to a process as described in EP-A-161 419, EP-A-77
911, US-sy 4+388, %&bjectusfwe GboR0, 1 MRMAIoh208, pRkrMeAd B8chSfa1D A 19

500 ggZh%:ﬁoggnat LR BB 21 DLl o545 meys-afa&%;g&smtfmduct' ng

Fhodi um ot ZPE AERERAE %oﬁ?ﬁ?ﬁ’r?fd‘%&?éﬁﬁ}‘é’r%ﬁﬁﬁeaﬁ‘é{‘%ﬁ%‘idé‘l&&ﬁ §eand THA.¢ 4
supported & GNSTRPFiGkdheattesanantioned| §ieadyapsages. i nclude for

exanpl e .al um num oxi de, silicon dioxide,-titanium di oxi de, magnesi um

oxi de, a8 weahade CEgumNEhasdobjadiclis. abbepEdy38 prodsss@oert ed catal ysts

are Raney rjigkeh1aotydRaRaBvaPhe¥ to—amindh M&qgaaﬂ&m mfildtQrds grym xture

;%ﬁp“ S'F“Q oggri‘glﬁ‘i’ J&&&H{;& écﬁu l?'YgFaQ ﬂHlHS )Z(‘ehﬁ@g i @gh@%‘ét
rom re | tal

conpri si ng & EﬁH'Ié? It;*‘e(idéﬁFh J(: tﬂ'r°(5‘n|"f‘rH‘% %ﬁ’ﬁfegﬁe %"I") €. exanpl e

by distillation.. An imne (Il) is suitably selected fromaromatic,
pr ef er abd® Mixghresatd)c arsuchtatnabdgclincaororempsdonal ymannsiri by partiesl and
al so 40 m xiydiregeh&ieic@piof pBN} | fod asdayphe cdcdoldlipng Tt¥\.a prockssnaes (I11) can
be present de@cﬂ%é&”fh Erl-nasel nmgfl Gpah_#PPOUNE8_a-4 S38B34adduct s f or
exanpl e Wty #9. 93/ BRCAPE PNt &'ske ﬂf’h"!‘y %@g g
adducts ar heref i’k ew J'gﬁ by i nes g i 3 | OXI de
can be add% H@p i tlllof’afgo 2%% %’é’fd?ne ggpera, con uﬁg
3 hy ogenatlon in the presence of nickel-, cobalt-, iron-,
rhodium~ or ruthenium-containing catalysts. The catalysts can be
used as supported or unsupported catalysts. Catalyst supports
include for example aluminum oxide, silicon dioxide, titanium
dioxide, magnesium oxide, activated carbons and spinels. Examples
30 of unsupported catalysts are Raney nickel and Raney cobalt.

The hydrogenation affords a mixture comprising
6-aminocapronitrile, HMD and an imine (II) with or without ADN.
From this mixture it is possible to obtain a mixture (I)

35 comprising essentially 6-aminocapronitrile and an imine (II), for
example by distillation.

An imine (II) is suitably selected from aromatic, preferably
aliphatic, such as acyclic or especially cyclic, imines and also
40 mixtures thereof, particularly preferably THA.

Imines (II) can be present in mixture (I) as individual compounds
or as adducts, for example with amines such as
6-aminocapronitrile, in which casé these adducts are herein

45 likewise embraced by imines (II).

Carbon dioxide can be added to the distillation mixture before or



preferabl’y during the distillation-in _fhe formof a conpound whi ch

rel. eases carbon di oxide under the distillation conditions, such as
anmoni um caP@8044@713nmoni um car bamate or urea or m xtures thereof, in
whi ch case these conmpounds can be added in 5 pure formor in a liquid
difuent, as in one or nore constituent of mxture (1), or in the form
of solid, qug'd or preferably , gasedbus carbon di oxide, for exanple in
t he forn1of§£h§§§?bly eﬁﬁkﬂqfﬁhﬁgdéég%%ﬁﬁﬁﬁq@xFHthanQ§@pééial¢%mHQMnﬁhe form
of pure Feleasedrattbon dioyide mndempthe edistillat hen cxmidindoys 10

i mpurities.such dhempaniwon ckirbohdee £ ENmN uRf citlfantitet bk | aFéHrpyM Xt Ur e

should agisaifrageenstdone i Whisn ldukd 2RE8e | EQBIinlis! Bart B!adioaCap bON

di oxi de pgro il &c2fh bE1 N £ li’l&&h&“ Pluddt,"Ss(}d onel 3r motd &enecg.%u L om

0.022 to Oggfz.t %ﬂdargﬁ Jer g of _1m né are. c,onfeng?at et t BR

pur pose. Urabre bl 190 18t FBR SPhrdt 81 1%e 1 iR dany Rupfiesably

appar at us, PPepYS]EIEPPHHordfeexER axamplerin kihg Hoem, ofnryadsopedi a of

Cheni cal TeeImRIis4pg Gaxbard dio¥iie, Br dspecVdlly i% Shesfolsewf puYerk, 1979,

pages 870- 8giseanisc basisow alivaipkavkidd|dompeises Wifly thel dhsedspldyms, or

col ums pacigshraktiBsdunped or arranged packing. 25 The distillation is

advant ageously conducted within the range from1l0 to 100 nbar,

preferably wthin the.range from 20 o 50 nmpar. . Exanpl es 30

6- Ani nocapri(()yl’nel CAFPgn h%*ﬁ’?f&et fansept cﬁf'ntt%‘ﬁt digsplptiengRixtyres spouldon t he

m xture) asiP@ntegecwely beydthin)ttha gange Eromtbhwtoel moX¥ refccavhah

distillaticlidridg pestmdleapifonming iunctdbanef eimi4® gmE). height 2.4 m

Sul zer C¥sfabric packing, 22 theoretical plates) at 35 a reflux ratio of

5:1. The purd fgepdrf1 Ang p i{gid. )t 3l I Sl . The
d PRCAN69PI L4 id %2"‘@§andar§%gtn@ ng ¥ d 08&6#%%1%3

't ' ' 10
Lesu s ar E‘c&ﬁ%ﬁb&gge& rkozatghfsllgl\llzj%(s.e. Inv. Ex. Inv.Ex. Conp.Ex.1

Conmp. Ex. 2 _ ., L . 1 2 3 THA cont ent
of Suf._tg.ple.dlqj;ng.ﬂatlonggwratusl;Lgcludes any ¢usgtiomary apparatus,
20 as described for example in: Kirk-Othmer, Encyclopedia of

Chemical Technology, 3rd Ed., Vol. 7, John Wiley & Sons, New
York, 1979, pages 870-881, such as valve plate columns, sieve
plate columns, or columns packed with dumped or arranged packing.

25 The distillation is advantageously conducted within the range
from 10 to 100 mbar, preferably within the range from 20
to 50 mbar.

Examples
30 :
6-Aminocapronitrile having the THA contents (% by weight, based
on the mixture) as per the table was subjected to a batchwise
fractional distillation in a distillation column (diameter 43 mm,
height 2.4 m, Sulzer CY fabric packing, 22 theoretical plates) at
35 a reflux ratio of 5:1. The purified 6-aminocapronitrile was

obtained as distillate. The results are reported in Table 1.

40
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6- ami nocapronitrile, 5 Crude - 1502 1487 1503

1440 °, 1494 6- am nocapronit rile charge, ing Pressure
[ mbar ] 0050/40713 20 20 50 20 Bott om t enp.
[[err] C] 136 135 136 148 137 10 Carbon
di‘oxi de feed 5 8 10 4 0 0 standard 1/h
THA cont en Distillate 9% Q.7 Q Q. 24 1.3
1.4 Redlucti on % Invg Bx. Inv.EggllInv.Eng:omp.Ex.lzg Comp.Ex. 2 |22
Bott om profluct._ % 18 1 g 7|2 11137 0. 5 6.3 15
Distillate|THn gontent of 1389 |1.9714540.87 143486 11286 1.81351
Bot t om pr ofiéramipecapronitrile, 33 33 100 136 20
25 ] I 35 40 45
Crude 1502 1487 1503 1440 1494
6-aminocapronitrile
charge, in g
Pressure [mbar] - 20 20 20 50 20
Bottom temp. [°C] 136 135 136 148 137
10 Carbon dioxide feed 5 8 10 0 0
standard 1/h
THA content
Distillate % 0.7 0.27 0.24 1.3 1.4
Reduction % 66 69 72 28 22
15 Bottom product % 18 8.7 11.7 9.5 6.3
Distillate in g 1389 1454 1434 1246 1351
Bottom product in g 111 33 33 100 136
20
25
30
35
40

45



0050/ 47713 W claim 1. A' process for distillative renoval of

6- an1nocapbggbya7bg3 5 _frommxtures (1) conprising 6-am nocapronitrile
and an i m ne 1), which conprises conducting the distillation in
the presence of &Hmml""mm,ﬂm 2. A process as clainmed in claim
1, wherein inine (1) c:imne. 3. A process as clained
inclaiml or 2, wherein ifine tetrahydroazepine. 15 4. A
process as clajmed in any of clalns 1 to 3, wherein the car bon

di oxi de coRBefta®: the distillation mixture is within the range from
0.1 to 1 nmol of carbon dioxide per nole of I mne function of imne

(11). 20 3. A prosassfas distilatitearymefalclodi feadidarapronbierle) a gas
conpri si gg car b@&ndﬁq&m@esl $I) radm&usﬁsglmamm@ap%ﬁmlle and 5:@‘91119.@1e0f a
distillation cey F“thlchﬁ fHe%C SdRadct A eIk atQlonCifi fRe 1 tO 5,

wherein the 25 drlg gn ucted W t |nt erangefromlOto
100 nbar, pref@?%ﬁﬁ%?%mpthﬁr??ﬂa %48t rom 20 to 50 nbar. 7. A process

as claimed in any of clains 1 to 6, wherein the distillation mxture
has added 2o i & armqﬁoaadcl.aimedm chag® 1, wherkénsbeinsar(B&N #$ oxi de under
t he di strol | at i epcTindiniinens. 8. A process as clained in any of clains 1
to 7, wherein conpound (I111) is urea, anmmoni um carbonate, anmmoni um

car bamit e qr aAn.bf%égs% E\geéfg.{med?‘gn clairﬁol or 2,4éherein7z.i./m321eq£f)h isFeb'

7, 1997 tetrahydroazepine.

15 4. A process as claimed in any of claims 1 to 3, wherein the
carbon dioxide content of the distillation mixture is within
the range from 0.1 to 1 mol of carbon dioxide per mole of
imine function of imine (II).

20 5. A process as claimed in any of claims 1 to 4, wherein a gas
comprising carbon dioxide is introduced into the bottom
region of a distillation column.

6. A process as claimed in any of claims 1 to 5, wherein the
25 distillation is conducted within the range from 10 to
100 mbar, preferably within the range from 20 to 50 mbar.

7. A process as claimed in any of claims 1 to 6, wherein the
distillation mixture has added to it a compound (III) which
30 releases carbon dioxide under the distillation conditions.
8. A process as claimed in any of claims 1 to 7, wherein
compound (III) is urea, ammonium carbonate, ammonium

carbamate or a mixture thereof.
35
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